In this paper, we present an interactive matrix-based multi-dimensional visualization component which enables the users to explore a text collection along different conceptual dimensions. Of importance in our approach are the tight coupling of the users' personal ontologies representing their spheres of interest with the visualization component and the application of barycenter heuristic for edge crossing minimization to enhance its visual display. We also discuss how IVEA, the information visualization tool containing the proposed component, can address the commonly perceived constraints of building a personal ontology from scratch for IVEA to work.
Introduction
Information visualization is a key mechanism to gaining insights from text collections and is thus useful for a wide spectrum of users, from scientists and analysts to news readers. The insights obtained from the exploration and analysis of text collections can enable the users to understand the distribution of topics or to identify trends and linkages between different entities [18] . While many tools support document corpus visualization (e.g. [18, 24, 4] ), most present findings that are independent of the users' interests. Their focus is usually to identify the main entities (e.g. topics, people, locations) within text collections and then visualize different linkages between them. While the automatic extraction of entities is helpful, it is also important that the visual exploration process can be aligned with the users' personal interests, especially when certain entities within their spheres of interests are of significant importance to their exploration goals. As a result, with the existing tools, the users cannot have a personal lens via which they can focus on some particular entities and relationships while exploring text collections.
To address the above issue, we proposed an innovative document-centric approach toward exploratory visualization of a text collection by:
• Involving the users at an early stage in the visualization process, whereby they define their spheres of interest by encoding the important entities and their relationships into a personal ontology.
• Leveraging upon the hierarchical structure of entities defined in the abovementioned ontology to allow the users to interpret various aspects of a text collection at different levels of detail.
• Employing coordinated and multiple views to allow the users to look at documents in a text collection from different perspectives.
• Suggesting the users with frequent phrases within documents to keep the personal ontology updated with new entities potentially matching their evolving interests on-the-fly. With the newly added entities, the personal ontology becomes a richer and better representation of the users' interests and hence can lead to more personalized subsequent exploration and analysis experiences.
Details on the initial design and implementation (a tool called IVEA) of the proposed approach can be found in [23] . Based upon the visual information-seeking mantra: "Overview first, zoom and filter, then details-on-demand" [19] , the initial design of IVEA consists of four coordinated views:
• A personal knowledge view which shows the hierarchical structure of concepts and instances within the personal ontology and serves as an anchor for the exploration process
• An overview display via a scatter plot which shows the relevance of documents with regard to the concepts or instances placed on its two dimensions
• A group of detailed views using bar charts which displays the relevance values and frequencies of each instance appearing in the document being examined as well as the frequent phrases which can be used to enrich the personal ontology
• An entities distribution view which employs a variant of the TileBars [6, 16] to display the relative locations of appearance of the ontology's instances together with their corresponding frequencies in each part (fragment) of a document [23] .
While the initial user feedback on IVEA was positive, it also highlighted a shortcoming in the overview display. Although the scatter plot allows the users to focus on documents which are relevant to the concepts/instances placed on its two axes, its inherent limitation is that the users can only have an overview of how relevant the documents in a collection are with respect to two entities of interest at a time. Initial user feedback indicates that the ability to explore a text collection along multiple conceptual dimensions at the same time is essential. In addition, a suitable visualization component also needs to allow the users to dynamically explore at different levels of granularity based on the hierarchical structure between a class and its subclasses or instances, as defined in the personal ontology.
To meet the above requirement, we propose in this paper an interactive matrix-based multi-dimensional visualization component which is tightly coupled with the users' personal ontology. In addition, we also apply the barycenter heuristic for one-sided edge crossing minimization [22, 12] to enhance the display of this component.
The remainder of this paper is organized as follows: In Section 2 we highlight related work. The proposed solution is described in Section 3, followed by a discussion in Section 4. Finally, we conclude the paper and outline future work in Section 5.
Related Work
A good overview of multi-dimensional visualization approaches can be found in [10] . Of importance are fundamental ones such as: parallel coordinates [8] , relational table [21, 15] , iconic displays [6] , circle segments [1] , star coordinates [9] and dimensional stacking [11] . Apart from these useful generic techniques, a number of tools are designed specifically for providing an overview of text collections over various dimensions. DocCube [13] is based on OLAP principles and employs 2D and 3D scatter plots to show the number of documents belonging to several categories, which are grouped into dimensions. DocCube, however, does not allow for relative comparison between documents to see how they are relevant to a set of concepts or categories. It is also limited to displaying at most 3 dimensions at a time. FeatureLens [2] is also an information visualization tool for exploring text collections. However, it focuses on presenting the relative locations and supports of text patterns mined from text collections. While the FeatureLens's interface is very intuitive, it does not allow for visual exploration at different levels of detail based on a hierarchical structure of concepts. Other work such as [18, 24, 4] provide no mechanism for the users to incorporate a personal ontology into the visual exploration process. It is also worth noting AutoFocus, an ontology-based visualization tool which displays search results for documents on the desktop as clusters of populated concepts [3] . While allowing for the exploration of a document collection based on the extracted metadata and search keywords, no deep insights or comparisons can be attained with AutoFocus when the degrees of relevance of documents with respect to each entity within the users' spheres of interests are not available. To the best of our knowledge, we are not aware of any existing work which tightly couples a personal ontology defining a user's sphere of interest with a multi-dimensional visualization component to enable visual exploration of a text collection.
Proposed Solution
In this section, we first present the background information on how the relevance of each document in a text collection with respect to an instance in the personal ontology is measured. Then, different visual and interactive aspects of the multi-dimensional visualization component are described in detail.
Background
In order to obtain information on how relevant each document in a text collection is with respect to the concepts and instances representing the entities of interest to the users, we extract the texts of all documents and store them into a Lucene 1 index. A Boolean query (with the default OR operator) consisting of all instances in the personal ontology is used to retrieve documents which contain terms matching the users' interest. The term weight in a document of an instance is used as the relative relevance value of that document with respect to that instance. In Lucene, a variant of the well-known TF.IDF term weight function is used, which takes into account the frequency of a term locally (in a document) and globally (in the whole collection), as well as the length of a document itself [5] . The relative relevance value of a document with respect to a class is the aggregated relevance value of that document with respect to all of its direct instances and recursively, all of its subclasses.
Figure 1. IVEA's visual interface
Hence, each document in a text collection can be represented by a record consisting of a number of variables (attributes) whose values correspond to the relevance values of that document with respect to the instances in the personal ontology. The number of variables is called the dimensionality of the data set [10] and an intuitive multi-dimensional visualization component is called for.
Visual interface and interactions
The visual interface of IVEA is shown in Figure 1 . Interested readers are encouraged to view the demo screencast available online 2 . In comparison with the initial version of IVEA, the overview display (the top-right component) is shown on a matrix-based multi-dimensional component instead of a scatter plot. Another improvement on IVEA is the inclusion of a preview panel containing a document viewer which is simple yet sufficient to enable the users to con-2 http://smile.deri.ie/projects/ivea/demo/demo2.html veniently read the contents of documents from right within IVEA.
The design of the proposed overview display is inspired by the interactive table view used in the FOCUS system, which was originally designed for product comparison and selection [20] . FOCUS can display case-by-attribute tabular data in an intuitive and flexible manner, especially by employing the hierarchical outliner for large attribute sets. While the data set used in FOCUS consists of a mixture of textual and numerical attributes, in our overview display component we only have to deal with numerical attributes (relevance values). As such, our display can be considered as a matrix in which (1) the columns represent documents in a collection, (2) the rows represent entities of interest to the users, and (3) each cell shows how relevant a document is with respect to a class or an instance. We tightly couple the personal interests with this overview display via the hierarchical structure on the left hand side of the matrix as well as on our method to derive the relevance data set as described in Section 3.1.
We use simple graphics in the cells of the matrix view to communicate relevance values. A fixed color palette serves as a color map to assign a color to each concept or instance and is consistently used throughout all views of IVEA's visual interface. A cell in our component displays a colored bar whose color is determined by the corresponding entity in the ontology it refers to based upon the abovementioned color map, and whose height is determined by its relevance value. We employ a simple relevance-height mapping scheme in which: (1) the relevance range is from 0 to the highest relevance value in the data set and (2) that range is divided into three intervals, (3) a height value is assigned for each interval. Furthermore, hovering the mouse over a cell displays a tooltip text indicating the associating document name based on its column, the class or instance based on its row, and the relevance value of that document with respect to that entity.
Unlike FOCUS, with our component the users are not provided with the values of all attributes by default. They have total control over which particular entities in their spheres of interest they want to focus on and then visualize the relevance data accordingly. This can be achieved simply by dragging either a class or an instance from the personal knowledge view and dropping it to the overview display area. Since hierarchical relationships are taken into account, dragging and dropping a class over to the overview display will result in the inclusion of all of its direct instances and recursively, all of its subclasses. For example, in Figure  1 , the users can drag the class "pimo:Organization" from the personal knowledge view and drop it onto the overview display. In this case, all organizations that are defined as instances of "pimo:Organization" are automatically included on the hierarchy on the left hand side. The users can gain understanding about which organizations of interest each document mentions by looking at the columns, as well as the distribution of organization entities across documents by looking at the rows. Besides, the users can use the aggregated relevance values for the class "pimo:Organization" to see which document is most relevant to all the organizations they are concerned about. The users can of course inspect a text collection along a combination of different dimensions by selecting a set of different classes and instances as shown in Figure 1 .
In addition, the users can also dynamically filter out attributes that they are no longer interested in while exploring by just right-clicking on a concept or an instance and the whole row is removed from the overview display. This interaction in effect restricts the matrix to display a particular subset of the data. Furthermore, the hierarchical relationship between elements of the personal ontology allows the users to inspect a text collection at different levels of granularity by expanding or collapsing an expandable node representing a class on the hierarchical structure. These particular forms of semantics-based drilling-down and rolling-up operations allow the users to quickly switch back and forth between abstract and more detailed views.
In the proposed component, we also provide a crosshair highlighter. As the users move the mouse over a cell, it highlights both the column and the row containing the cell being hovered. This particular form of spontaneous vertical and horizontal highlighting helps the users to (1) easily recognize which entities of interest are mentioned in a document, together with the details about their relevance values, and (2) the distribution of relevant documents in a collection with respect to a particular entity.
In order to enhance the visual display of the overview component, we employ the barycenter heuristic for edge crossing minimization in bipartite graph drawing research [22] to re-arrange elements of a matrix so that the visual display of data becomes easier to understand. This approach has been previously proposed in [12] to highlight clusters in matrix display. In this approach, the rows and columns are repeatedly reordered in turn based on their barycenters. The barycenter of a column j in a matrix takes the value of:
whereby n is the number of rows and a ij is the i th entry in column j [22] . However, unlike [12] , in our work, we only permute the columns instead of permuting both columns and rows, because only the documents are independent of each other and hence the columns can be freely permuted. The entities, on the other hand, are constrained by their hierarchical relationships and thus the rows need to be kept in a certain order. This reordering effort helps to re-arrange the positions of columns of the matrix such that cells with positive relevance values appear more densed in the top left and bottom right corners of the matrix. As a result, it helps the users to interpret the data easier when they appear in groups instead of being scattered over the matrix. Interested readers are referred to [22, 12] for further details about the algorithm.
Lastly, the overview display component is coordinated with the other views in such a way that hovering the mouse over a column in the matrix makes the bar charts, the preview panel, and the TileBars display the corresponding details of the document represented by that column, and hence the users can further investigate other aspects of that document.
Discussion
It is inevitable that our proposed approach of tightly coupling a personal ontology defining the users' sphere of interest into a multi-dimensional visualization component for exploring text collections requires a certain level of efforts from the users to manually build a personal ontology from scratch. Recent study has highlighted five important aspects of building ontologies [7] . Of importance to IVEA among those are the resource consumption and the conceptual dynamics aspects.
In terms of resource consumption, the users gauge whether the benefits gained can outweigh the resources consumed to create an ontology [7] . It is our belief that IVEA can demonstrate that it provides immediate benefits by taking advantage of the defined personal ontology to provide the users with a personal lens to look at text collections from different perspectives. Furthermore, we proposed in [23] the use of the PIMO (Personal Information Model) ontology [17] , which serves as a formal representation of concepts and structures within a user's mental model, to minimize the cost of creating a personal ontology. The users only need to extend this readily built ontology with concepts and instances of interest to them. Not only can the users use the PIMO ontology for IVEA, they can benefit from other Semantic Desktop applications using the PIMO ontology as a glue connecting different desktop applications.
With respect to conceptual dynamics, it is important that the personal ontology can reflect the quickly evolving domain [7] , or in this case, the quickly evolving spheres of interest. With IVEA, the users are provided with the capability to enrich their personal ontologies on-the-fly with new entities matching their interests. This can easily be achieved with minimal effort from the users simply by dragging-anddropping one of the suggested top frequent phrases from the frequent phrase bar chart onto a tree node in the personal knowledge view. As mentioned earlier, with the newly added entities, the PIMO ontology becomes a richer and better representation of the users' interests and hence can lead to more personalized subsequent exploration and analysis experiences.
In summary, IVEA provides not only intuitive visual components relevant to the exploration task but also other helpful utilities to keep the required efforts from the endusers to a minimum level.
Conclusions and Future Work
In this paper, we have reported on an interactive multidimensional visualization component which is tightly coupled with the users' personal ontology to allow the users to explore a text collection along different conceptual dimensions. This component is a matrix-based display inspired by the design of the interactive table used in the FOCUS system [20] . We further improve the visual display of this component by applying the barycenter heuristic for edge crossing minimization in bipartite graph drawing to reorder the columns in the matrix. This component is part of IVEA, an information visualization tool which leverages upon a personal ontology representing the users' spheres of interest and employs coordinated and multiple views to highlight various perspectives of documents within a text collection. Of importance in IVEA are (1) the utilization of personal knowledge structure to allow the users to interactively explore a text collection at different levels of granularity and (2) a mechanism to allow the users to incrementally enrich their spheres of interest in the process with minimal effort.
In future work, we plan to enhance the arrangement of the multi-dimensional view, i.e. to re-arrange both sides of the matrix but still maintain the hierarchical structure of the personal ontology. We also intend to improve the personal knowledge view so that the users can manually maintain and extend their personal ontologies. Once all the improvements are made, we will proceed to design and carry out an insight-based evaluation [14] to gauge how IVEA can help the users in gaining insights from exploring a text collection.
